Influence of streamer-to-glow transition on NO removal from a simulated diesel exhaust gas in non-thermal plasma reactor is described in this paper. A co-axial cylinder type discharge chamber was used as the pulse streamer discharge non-thermal plasma reactor which was driven by inductive energy storage pulse power generator with fast recovery diode as a semiconductor opening switch. The pulsed power generator supplies 30 kV pulse with 300 pps repetition rate. The co-axial cylinder plasma reactor consists of 1 mm diameter tungsten wire and 19 mm i.d. copper tube with 30 cm length. NO removal from the simulated gas (N 2 :O 2 =9:1, Initial NO concentration=200 ppm) increased with input energy into the reactor. The energy efficiency for NO removal was obtained to be 25 g/kWh at 30 % removal in gas flow rate of 2 L/min. However, the energy efficiency decreased to 5 g/kWh with increasing capacitance of the primary capacitor from several hundreds pF to several nF. This decrease was caused by a streamer-to-glow transition.
I. INTRODUCTION
Huge amounts of air pollutants like carbon monoxide, unburned hydrocarbons, nitrogen oxides (NOx) and particulate matter have been released by various sources; coal, oil and natural gas burning electric power generating plants, motor vehicles, diesel engine exhausts, paper mills, metal and chemical production plants etc., into the atmosphere over the last decades. These pollutants are the main cause of acid rain, urban smog, and respiratory organ disease [1] . An increasing portion of the pollutants is emitted from motor vehicles. The exhausts of gasoline engines are cleaned very efficiently with the three-waycatalyst. For diesel and lean burn engines the three-waycatalyst does not operate because the high oxygen content in the exhaust gases prevents the reduction of nitrogen oxide (NO) [2] .
Dry NOx removal technology is one of the candidates to solve such problems in the conventional processes [3] .
A non-thermal plasma process using a pulse streamer corona discharge is particularly attractive for this purpose [4] . During the past decade, a lot of studies on this process have been conducted using a diesel engine exhaust gas and/or its simulated gas [5] . Although encouraging results have been obtained from the experiments, it is urgent to make whole removal system compact for its portable use. Inductive energy storage (IES) pulsed power generator using fast recovery diode as a semiconductor opening switches (SOS) can make compact and lightweight and be driven at high repetition rate [6] . However, a discharge produced by the IES pulsed power generator transients from streamer to glow when the energy stored in the capacitor still remains after the energy transfer from a capacitor to an inductor at opening the SOS diodes [7] . We carried out NO removal using co-axial type nonthermal plasma reactor driven by IES pulsed power generator. In this paper, the influence of a streamer-toglow transition on NO removal in the non-thermal plasma reactor is described. Figure 1 shows the experimental circuit. VMI fast reverse recovery diodes K25UF (2.5 kV maximum voltage, 200 A maximum current, T R =100 ns) were employed as SOS diodes i.e. semiconductor opening switch. K25UF diodes were connected in 20 series to increase working reversed voltage (50 kV maximum voltage). The capacitance of the primary energy storage Figure 2 shows a schematic of the experimental setup using the pulse streamer discharge reactor. The simulated gas was diluted NO with nitrogen and oxygen mixed gas with rate of 9:1. The co-axial plasma reactor consists of 1mmφ tungsten wire and a copper cylinder of 20 mm in inner diameter. The length of the reactor is 300 mm, which corresponds to 94 cc in volume. The initial concentration of NO gas was controlled to 200 ppm using mass flow controller. The flow rate of the simulated gas was changed from 2 to 5 L/min. The remedied gas was analyzed using Best Sokki BCL-511 gas analyzer for NO and NO 2 . Figure 3 shows typical circuit current waveforms under the conditions of tests 1-3 shown in Table 1 . T F and T R mean the periods of a forward-pumping current and a reverse current of the diodes, respectively. The period T F has almost same values of around 200 ns for the three different conditions. The period T F can be predicted as a half cycle of LC oscillation, and are calculated to be 146, 154 and 150 ns using values of C and L of the tests 1, 2 and 3, respectively. The measured period T F shows larger value than those by calculating result owing to a stray inductance of the circuit. The reverse current period T R has almost same value for different circuit conditions under the same forward current period. However, the value of T R is around 70 ns which is 70% of a rated period of 100 ns. Table 2 shows list of the periods T F and T R for the tests 1-4. The values of L and C in the test 4 are chosen to increase the forward-current period T F as ns. The period of T R is obtained to be 102 ns which almost agree with the rated period 100 ns. Figure 4 shows time-dependence of a discharge current, a voltage between the electrodes, consumed energy for different circuit conditions. The consumed energy is calculated by time-integrating a multiplied value of the discharge current and the voltage together [8] . The peak voltages between the electrodes are 19, 25, 27 kV for the tests 1, 2 and 3, respectively. The peak current also increases from 32 to 54 A with increasing capacitance C from 116 to 476 pF. The energies consumed in the discharge are 9，13，19 mJ for the tests 1, 2 and 3, respectively. These vales correspond to 39, 28 and 20% of primary energy obtained by 0. Figure 6 : Dependence of NO removal on the energy density for various circuit conditions. shown in Fig. 4 . The time constant of the current decay is approximately 300 ns. The time constant can be expressed as R d x C ; where R d means an equivalent resistance of the discharge. The equivalent resistance R d is obtained to be 70 Ω using the capacitance 4.2 nF as value of C. This long decay of discharge current indicates that a glow discharge generates with remaining electric charges in the storage capacitor [7] . The voltage between the electrodes after when the diodes interrupt the circuit current still reminds around 11.5 kV. This voltage corresponds to 48 μC of remaining charge in the storage capacitor. This remaining charge sustains the glow discharge for several hundreds of ns. The total consumed energy is around 125 mJ which consists of 18 mJ in energy consumption by the pulse streamer discharge and 107 mJ by the quasi-stable glow discharge. Figure 6 shows the NO removal as a function of input energy density in the reactor for various circuit conditions. The input energy density is determined by the following equation,
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where 
where Δ[NO] means NO removal, M NO molecular weight, N molar volume, P power consumed in the reactor (= U x f ). The energy efficiencies of the tests 1-3 have almost same value and are around 25 g/kWh at 30% NO removal. However, the energy efficiency of the test 4 is much lower than that of other circuit conditions and is 5 g/kWh. This result indicates that the generation of the glow discharge reduces the NO removal efficiency at same input energy into the reactor. 
IV. CONCLUSIONS
The experimental study on NO removal in pulse corona discharge reactor is carried out to clarify an influence of the streamer-to-glow transition on NO removal. The inductive energy storage pulsed power generator is employed with the fast recovery diode as a semiconductor opening switch. The pulsed power generator supplies 30 kV pulse with 300 pps repetition rate. The energy efficiency for NO removal was obtained to be 25 g/kWh at 30 % removal. However, the energy efficiency decreased to 5 g/kWh with increasing capacitance of the primary capacitor from several hundreds pF to several nF. This decrease is caused by the streamer-to-glow transition.
